Circadian clocks generate rhythms in molecular, cellular, physiological, and behavioral processes. Recent studies suggest that disruption of the clock mechanism accelerates organismal senescence and age-related pathologies in mammals. Impaired circadian rhythms are observed in many neurological diseases; however, it is not clear whether loss of rhythms is the cause or result of neurodegeneration, or both. To address this important question, we examined the effects of circadian disruption in Drosophila melanogaster mutants that display clock-unrelated neurodegenerative phenotypes. We combined a null mutation in the clock gene period (per
) that abolishes circadian rhythms, with a hypomorphic mutation in the carbonyl reductase gene sniffer (sni 1 ), which displays oxidative stress induced neurodegeneration. We report that disruption of circadian rhythms in sni 1 mutants significantly reduces their lifespan compared to single mutants. Shortened lifespan in double mutants was coupled with accelerated neuronal degeneration evidenced by vacuolization in the adult brain. In addition, per 01 sni 1 flies showed drastically impaired vertical mobility and increased accumulation of carbonylated proteins compared to age-matched single mutant flies. Loss of per function does not affect sni mRNA expression, suggesting that these genes act via independent pathways producing additive effects. Finally, we show that per 01 mutation accelerates the onset of brain pathologies when combined with neurodegeneration-prone mutation in another gene, swiss cheese (sws 1 ), which does not operate through the oxidative stress pathway. Taken together, our data suggest that the period gene may be causally involved in neuroprotective pathways in aging Drosophila.
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Introduction
Circadian clocks are endogenous timekeeping mechanisms that generate rhythms with circa-24 h periodicity. At the molecular level, circadian clocks consist of cell autonomous networks of core clock genes and proteins engaged in transcriptional-translational feedback loops, which are largely conserved between Drosophila and mammals (Yu and Hardin, 2006) . Rhythmic activities of clock genes generate daily fluctuations in the expression level of many target genes that underlie cellular, physiological and behavioral rhythms (Allada and Chung, 2010; Schibler, 2007) . Disruption of circadian rhythms by environmental manipulations or mutations in specific clock genes leads to various agerelated pathologies and may reduce lifespan in mice (Antoch et al., 2008; Davidson et al., 2006; Kondratov et al., 2006; Lee, 2006) .
Functional links between circadian rhythms and aging are supported by observations that an impaired circadian system may predispose organisms to neurodegenerative diseases (Gibson et al., 2009 ). However, the evidence linking disruption of circadian rhythms to premature neurodegeneration is of correlative nature and the mechanisms involved are not yet understood. Studies in the model organism, Drosophila melanogaster, showed that a null mutation in the clock gene period (per
01
) is associated with increased susceptibility to oxidative challenge (Krishnan et al., 2008) . Furthermore, exposure of aging per 01 flies to mild oxidative stress increased their mortality risk, accelerated functional senescence, and increased signs of neurodegeneration compared to the age-matched controls (Krishnan et al., 2009) . Together, these data suggest that the clock gene period may protect the health of the nervous system in aging animals. Neurodegeneration is a detrimental aging phenotype affecting homeostasis, motor performance, and cognitive functions. Several mutants uncovered in Drosophila show these phenotypes (Kretzschmar, 2005) ; one of them affects the gene sniffer (sni) that encodes for a carbonyl reductase in fruitflies. Carbonyl reductases catalyze the detoxification of lipid peroxides generated by reactive oxygen species (ROS) and help to prevent protein carbonylation (Maser, 2006) . Loss of sni function leads to a progressive neurodegenerative phenotype with the 
